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METHODS AND APPARATUS FOR electrodes are available commercially from Advanced Brain 
ELECTRODE PLACEMENT AND TRACKING monitoring , Inc . , Carlsbad , Calif . , under the tradename 

B - Alert® Mobile EEG ( http : / / www . advancedbrainmonitor 
CROSS - REFERENCE TO RELATED ing . com ) and from Hydrodot , Inc . , Westford , Mass . , under 

APPLICATIONS 5 the tradename StatNetTM EEG headpiece ( http : / / www . hy 
drodot . net ) . 

This application claims the benefit of provisional appli 
cation 62 / 314 , 873 , filed on Mar . 29 , 2016 , the full disclosure SUMMARY OF THE INVENTION 
of which is incorporated herein by reference . 

10 Generally , in facilitating the placement and contact of 
BACKGROUND OF THE INVENTION electrodes upon the selected areas of the skin surface , an 

electrode carrier system may generally comprise an elec 
1 . Field of the Invention trode body which is at least partially electrically conductive , 

one or more tubular members extending from the electrode The present invention relates to methods and apparatus 15 body , each of the one or more tubular members defining a for facilitating the placement of one or more electrodes lumen therethrough and a distal opening , a reservoir having against the skin surface of a patient and monitoring a patient 
status . More particularly , the present invention relates to a compressible structure and containing a conductive fluid or 

gel which is in fluid communication with the one or more methods and apparatus for facilitating the speed and effi 
ciency for placing one or more electroencephalogram ( EEG ) 20 Pub halogram ( EEG ) 20 tubular members , and a backing supporting the electrode 
electrodes against a patient ' s the scalp , optionally in com - body and reservoir . body and reservoir . 
bination with tracking the movements of a patient . In other variations , the electrode carrier system may 

Electrodes typically used in electrocardiography and elec - Electrodes typically used in electrocardiography and elec generally comprise an electrode body having one or more 
troencephalography generally provide for uniform contact tubular members extending therefrom , each of the tubular 
between the metal electrode and the skin to prevent electri - 25 members defining a lumen therethrough and a distal open 
cal noise due to the interface between the electrode and skin ing , a reservoir having a compressible structure which 
surface . To provide for uniform contact with the skin area , defines an internal volume and which is in fluid communi 
a conductive gel may be applied to the skin surface to cation with the one or more tubular members , and a con 
facilitate electrical conduction with the electrode . However , troller and / or output device which is in electrical commu 
when electrodes are to be placed at multiple locations over 30 nication with the electrode body , wherein the controller 
the patient ' s scalp , the application of the gel in combination and / or output device is configured to receive electrical 
with determining electrode placement not only requires signals from the electrode assembly and record and / or 
specialized training and skill but is also very time consum - output a corresponding response . 

The electrode carrier system may generally comprise a 
Some electrodes utilize conductive gel interfaces which 35 backing secured around the head of a patient . The backing 

are pre - formed for contacting the electrode but the gel may be configured as a headband although the carrier system 
interfaces become ineffective when hair is present and may may be incorporated into any number of other platforms or 
sometimes require the removal of the underlying hair . positioning mechanisms for maintaining the electrodes 

It has been suggested the EEG electrodes may be formed against the patient body . The individual electrodes are 
with an on - board conductive gel dispenser for delivering the 40 spaced apart from one another so that when the headband is 
gel immediately after a placing a headgear on a patient . See , positioned upon the patient ' s head , the electrodes are 
U . S . Pat . No . 6 , 640 , 122 . The devices of the ' 122 patent , aligned optimally upon the head for receiving EEG signals . 
however , do not provide for preserving the gel as a compo - The carrier system may have each of the electrodes electri 
nent of the electrode for extended time periods . cally coupled via corresponding conductive wires extending 

Accordingly , there exists a need for methods and devices 45 from the backing and coupled , e . g . , to a controller and / or 
which facilitate the speed of placing electrodes and also for output device . Although in other variations , the electrodes 
facilitating contact between the electrode and the skin sur may be coupled to the controller and / or output device 
face even in the presence of hair without requiring manually wirelessly . 
prepare the hair and scalp for each electrode contact . It The controller and / or output device may generally com 
would be particularly desirable if such methods and devices 50 prise any number of devices for receiving the electrical 
could provide for incorporation of a conductive fluid or gel signals such as electrophysiological monitoring devices and 
as part of the electrode assembly as well as for preserving may also be used in combination with any number of brain 
such conductive fluids or gels for extended time periods . At imaging devices , e . g . , fMRI , PET , NIRS , etc . 
least some of these needs will be met by the inventions The electrodes , as described herein , may be positioned 
described and claimed herein . 55 upon the backing to quickly enable conductive contact with 

the underlying skin while allowing for patient comfort such 
2 . Description of the Background Art as when the patient is reclined with the back or side of their 

head resting upon a surface without discomfort from the 
EEG electrodes having plungers and / or capsules for dis electrodes . 

pensing conductive gels are described in U . S . Pat . Nos . 60 In one variation of the electrode carrier system , each of 
9 , 408 , 575 ; 8 , 805 , 470 ; 6 , 640 , 122 and U . S . Patent Publica - the electrodes may be configured to include a visual or 
tion No . 2007 / 0255127 . U . S . Pat . No . 6 , 381 , 481 describes haptic indicator to provide feedback to the user that suffi 
an EEG electrode with fingers for spreading hair . Other cient electrode connection with the skin surface has been 
patents of interest include U . S . Pat . Nos . 7 , 841 , 301 ; 4 , 709 , achieved . For instance , each electrode may incorporate an 
702 ; 5 , 273 , 037 ; and U . S . Pat . Nos . 5 , 357 , 957 ; 4 , 166 , 457 ; 65 impedance sensor and indicator such that when the control 
4 , 079 , 731 ; 4 , 033 , 334 ; 3 , 830 , 229 ; and U . S . Patent Publica - ler and / or output device detects a relatively low impedance , 
tion No . 2007 / 0272313 . Headgear including integrated EEG e . g . , 5 - 50 kg , in a particular electrode , that electrode may 

ing . 
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have its indicator ( such as an LED ) actuated to indicate that openings and into contact with the outer surface of the 
sufficient electrical contact between the electrode and under reservoir and underlying skin surface . The outer surface of 
lying skin is achieved . the reservoir may have a layer of conductive material in 

Turning now to the electrode configurations , one variation electrical contact with the conductive wires so that once the 
of an electrode carrier system may comprise each of the 5 fluid or gel has been expelled from within the reservoir and 
electrodes enclosed within a reservoir which is pre - filled out onto the conductive material upon the reservoir outer 
with a conductive gel or fluid . Each electrode may be surface and skin surface , electrical contact may be achieved . 
configured into a flattened or atraumatic configuration which In yet another variation , an electrode carrier system 
is contained within a respective reservoir and each reservoir having an electrode body may define one or more tubular 
may be formed of any number of flexible materials , e . g . , 10 members extending from the body such that the members 
silicone , polyurethane , rubber , etc . , which can readily col - project transversely away from the backing . The electrode 
lapse . The electrodes may be coupled via conductive wires body may be comprised of a conductive material such as a 
passing through a lumen defined through the backing sepa - metal which may be rigid . However , in other variations , the 
rated from the electrodes by a substrate . Each reservoir may body may be fabricated from a conductive material which is 
also respectively define one or more openings through which 15 also flexible , e . g . , conductive silicone , and / or from a flexible 
the conductive gel or fluid may be expelled . material , e . g . , silicone , polyurethane , rubber , etc . , which 

Once the platform has been situated over the patients may be coated or layered with a conductive material such 
head , the user may press upon each of the reservoirs such that the underlying tubular members retain their flexibility . 
that the conductive fluid or gel flows through the openings In either case , the body may be secured to the backing 
and onto the skin of the patient . The conductive fluid or gel 20 such that the one or more openings are defined along the 
expelled through the openings may maintain fluid commu - body and extending through the members are in fluid 
nication between the skin surface and the respective elec communication with a reservoir having a compressible 
trodes such that the detected electrical signals may be housing . The reservoir may also be secured to the backing 
transmitted from the skin and to the electrodes . Moreover , and contain a volume of conductive fluid or gel local to the 
because of the flexibility of the reservoirs , once the conduc - 25 electrode body . The tubular members may be arranged in a 
tive fluid or gel has been expelled into contact with the skin uniform pattern or in an arbitrary pattern as well and while 
surface , the backing may lie flat against the skin surface so the members are shown arranged in a circular configuration , 
that the patient may comfortably lay their head upon a other patterns may be implemented . When the backing has 
surface while still maintaining electrical contact with the been secured to the patient , the reservoir may be pressed or 
electrodes . 30 urged such that the fluid or gel contained within is expelled 

Another electrode variation may be comprised of one or through each of the tubular members and into contact 
more loops of conductive wire or ribbon which are able to against the underlying skin surface through corresponding 
readily bend or flex against the skin surface . The electrode distal openings . The elongate nature of the members may 
carrier system may include a pressure release reservoir for enable them to pass readily through the patient ' s hair , if 
containing the conductive fluid or gel , as described above , 35 present , and into direct contact against the skin surface . 
around each of the electrodes so that the conductive fluid or In another variation , an electrode carrier system having a 
gel may be expelled around and within the one or more loops tubular body may define one or more openings over its 
to ensure a conductive path . surface . The tubular body may have one or more tubular 

Another variation may be configured into one or more members which extend in a spiral or helical pattern away 
tubular members which extend from the backing trans - 40 from the backing . The tubular members may define a lumen 
versely . The tubular members may be each arranged in a therethrough which extends from the tubular body and to a 
circular pattern for each electrode and they may also define distal opening at its tip . The backing may further define a 
a lumen therethrough with an opening defined at each distal reservoir which contains a volume of conductive fluid or gel 
end . Each of the tubular members may be fabricated from a such that the body is in fluid communication with the 
conductive metal which may retain its tubular shape when in 45 reservoir . Additionally and / or alternatively , the distal tips of 
use or which may be sufficiently thin and flexible to bend or the members may present a roughened surface for contacting 
yield when placed against the patient ' s skin surface . Alter - the skin . The optionally roughened tips may be rotated or 
natively , the tubular members may be fabricated from a otherwise translated or moved across over the skin surface 
flexible material which is coated or layered with a conduc - by the user to at least partially exfoliate the skin surface to 
tive material such that the members retain their flexibility . In 50 facilitate electrical contact . 
either case , the conductive fluid or gel may be either In particular , a distal skin - contacting surface of the elec 
contained within the tubular members or they may be trode assembly may be modified to prepare the skin surface 
retained within a pressure release reservoir , as described to enhance electrical conductance ( . i . e . lower electrical 
above , surrounding or in proximity to each electrode . resistance ) between an electrically conductive portion of the 
Because the tubular shape of the electrodes , they may 55 electrode assembly and the skin when that electrically 
readily pass through the patient ' s hair , if present , and into conductive portion is in physical contact with the skin . For 
contact against the skin surface while maintaining electrical example , the tissue - contacting surface ( s ) of the electrode 
contact . assembly may be modified to have an abrasive surface , e . g . 

Yet another variation of an electrode embodiment may by coating with abrasive particulate ; may be formed or 
also utilize a pressure release reservoir filled with the 60 molded to have protruding rigid features , e . g . bumps , ridges , 
conductive fluid or gel . The reservoir may be formed of a or the like ; and / or may be coated with a material that lowers 
flexible material , e . g . , silicone , polyurethane , rubber , etc . , the electrode connection impedance . Such sweeping and / or 
extending from the backing to form a curved or arcuate chemical coating of the tissue - contacting surface ( s ) of the 
structure with one or more openings defined over the res - electrode assembly over the target tissue location could 
ervoir . These openings may remain in a closed state until a 65 scrub , dissolve and / or otherwise disrupt dead tissue and 
force is applied to the reservoir and / or backing which may break - up scalp oil . In specific examples , at least a portions 
urge the fluid or gel contained within to escape through the of a distal tissue - contacting surface of the electrode assem 
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bly , for example the distal surface ( s ) of at least some of the example being configured in a helical shape so that they may 
tubular members , comprise such surface features , surface penetrate hair to a patient ' s scalp by rotating the electrode 
coatings , surface treatments , or combination thereof to assembly around a vertical axis . 
improve the quality of the electrode connection . In other specific embodiments of the present invention , 

In yet another variation , the electrode carrier system may 5 the distal tips of at least some of the tubular members will 
also be utilized for other applications such as patient motion have a skin preparation , e . g . tissue - roughening , surface . For 
tracking employing either visual motion tracking or accel example , the tissue - roughening surface may comprise an 
erometers . The motion tracking may be coupled with an abrasive material , such as a grit or other abrasive particles , EEG device to reject EEG data during heavy movements . formed over at least a portion of the distal tip of the tubular The visual motion tracking allows the camera to automati - 10 member . In other instances , the surface roughening may cally track the patient with the headband and offers record comprise surface features , such as ridges , bumps , grooves , ing precision as well as more mobility to patients . and the like , formed over at least a portion of the distal tip In another specific aspect of the present invention , an which contacts the patient ' s skin . electrode assembly comprises an electrode body and one or 
more tubular members extending from the electrode body , 15 The electrode body , and in particular the tubular members 
typically from a bottom surface of the electrode body . Each connected to the electrode body , may be formed at least 
tubular member has a distal tip , and at least some of the partly from electrically conductive materials , such as metals , 
tubular members have a lumen with a distal opening in the electrically conductive coatings , embedded wires , or elec 
distal tip . A reservoir containing a conductive fluid or gel is trically conductive polymers . In such instances , the elec 
optionally disposed in the electrode body , and the electrode 20 trode body and / or the tubular members will provide at least 
body is configured for dispensing the conductive fluid or gel a portion of the electrical path needed to conduct biological 
from the reservoir through the lumen ( s ) and out of the distal currents from the tip of the tubular member ( s ) to an elec 
opening ( s ) of the tubular member ( s ) . Alternatively , in some trical terminal or other conductive connector on the elec 
embodiments , the conductive fluid or gel may be dispended trode body as described below . In other instances , however , 
onto or through the lumens of the tubular member using a 25 the electrode body and / or the tubular members may be 
syringe or other separate delivery device . formed primarily or even entirely from an electrically non 
As used herein , the term " conductive ” will mean electri conductive material . In such instances , the electrically con 

cally conductive , i . e . having a very low electrical resistance ductive fluid or gel will provide most or all of the electrically 
and the ability to carry low current biological signals such as conductive path needed to deliver the biological current 
EEG signals . 30 from the distal tip of the tubular member to the electrical 
As further used herein , the phrase " tubular member " will terminal after such conductive fluid or gel has been distrib 

mean a generally elongated structure , i . e . having a length uted throughout the electrode body and tubular member , as 
extending away from the bottom of the electrode body described in greater detail below . 
greater than its width parallel to the bottom of the electrode The tubular members may comprise a variety of geom 
body , where the width is measured at its narrowest point . 35 etries . Often , the tubular members will be generally cylin 
Usually , the length will be at least twice the width , fre - drical having a lumen extending therethrough . In other 
quently being at least three times the width . Exemplary instances , however , the tubular members may be formed as 
tubular members may have generally circular horizontal " prongs ” having a relatively broad tissue - contacting region 
peripheries ( in a plane parallel to the bottom of the electrode along a curved “ axis ” at their distal tips . In many instances , 
body ) making them generally cylindrical along a vertical 40 the tissue - contacting regions of the prongs will be generally 
axis . Other exemplary tubular members may have crescent - crescent - shaped so that they will follow a generally circular 
shaped horizontal peripheries . path as they are rotated against the patient ' s tissue , as 

In specific embodiments , the electrode assembly will described in more detail below . 
typically comprise at least two tubular members , and may The prongs and other tubular members of the present 
comprise three tubular members , four tubular members , or 45 invention will preferably have a port in their tissue - contact 
even more . The tubular members will usually depend ver - ing surfaces for delivering the electrically conductive fluid 
tically downwardly from a bottom surface of the electrode or gel to the patient ' s skin . In some instances , ports may be 
body and will be specifically configured so that they may formed in a generally flat bottom surface of the tubular 
penetrate a patient ' s hair so that a distal tip of the tubular members or prongs . In other instances , the ports may be 
members will be able to engage and provide reliable elec - 50 connected to a channel or other distribution feature on the 
trical contact with a patient ' s scalp . The tissue engagement tissue - contacting surface of the prong or other tubular mem 
areas of the tubular members on bottom surface of the ber . In still further specific embodiments , the ports for 
electrode body will usually be 50 % or less of the area of the delivering the electrically conductive fluid or gel may be 
bottom surface , frequently being 30 % or less of the area of located in a recessed surface of the prong which may 
the electrode body , and usually being at least 5 % of the area 55 adjacent to a tissue - contacting lower surface of the prong or 
of the bottom surface . Thus , the tissue engagement areas of other tubular member . 
the tubular members on bottom surface of the electrode body While the electrode assemblies will usually comprise one 
will usually be in a range from 5 % to 50 % of the area of the or more tubular members as just discussed , in some alter 
bottom surface , typically being in a range from 5 % to 30 % native embodiments , the electrode body may have a gener 
of the area of the bottom surface . 60 ally flat bottom free from tubular and other protruding 

In most instances , the tubular members will extend from members . The flat bottom will be configured to engage the 
a generally planar bottom of the electrode body at a per - skin and have openings to release a conductive fluid or gel 
pendicular angle . In other instances , however , the tubular in any of the ways described elsewhere herein for delivering 
members may extend at an angle anywhere in the range from the conductive fluid or gel through a tubular member . The 
30° to 150° relative to the plane , typically being from 60° to 65 tissue - contacting surface ( s ) of such flat bottoms may be 
120° relative to the plane . In other instances , however , the modified in any of the ways discussed herein to have 
tubular members may have other configurations , for electrical conductivity with the target tissue surface ( s ) . 
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The reservoir in the electrode body which contains the the electrode assemblies to deliver low current biological 
conductive fluid or gel will preferably be sealed to preserve signals from the electrode assemblies to a separate controller 
the fluid or gel and allow the long - term storage of an and / or output device . 
electrode assembly which has been pre - filled with the elec - The systems of the present invention may further com 
trically conductive fluid or gel . In specific embodiments , the 5 prise the controller and / or output device configured to 
reservoir will have a sealed dispensing container within the receive the low current biological signal from the electrode 
reservoir which may be incorporated into the electrode assemblies . Additionally , the controller may be configured to 
assembly during the initial manufacture thereof . For output a response corresponding to the electrical signals 
example , the sealed dispensing container may comprise a from the electrode assemblies . In preferred embodiments , 
sealed dispensing container , e . g . a packet , which is con - " the distal tips of at least some of the tubular members will 
strained within a chamber in the electrode body , where the define a tissue - roughening or other skin preparation surface 
electrode body comprises a plunger configured to be manu and at least some of the electrode assemblies will be 
ally pressed against the sealed dispensing container to movably , e . g . rotatably , mounted on the elongated backing 
deliver the electrically conductive fluid or gel from the 16 to allow a user to sweep or scrub the tissue - engaging 
sealed dispensing container through the lumen ( s ) and out of surfaces of the assemblies over target tissue surface ( s ) to a 
the distal opening ( s ) of the tubular member ( s ) . In specific abrade the tissue surface to enhance electrical contact . In 
instances , the sealed dispensing container and the plunger particular , the electrode assemblies may be rotated or alter 
will be located in an upper portion of the electrode body , and natively translated ( pushed back - and - forth ) over the con 
the tubular member ( s ) will extend from a lower surface of 20 tacting tissue surface after the elongated backing of the 
the electrode body . In such specific instances , the electrode electrode carrier system has been mounted on the patient ' s 
body will be configured to define a flow path to deliver the head . 
conductive fluid or gel from the sealed dispensing container I n a further specific aspect of the present invention , a 
through the lumen ( s ) in the tubular member ( s ) and out of the plurality of electrodes may be placed on patient ' s scalp by 
distal opening ( s ) of the tubular member ( s ) . 25 placing a headband or other headgear around the patient ' s 

The electrode assemblies of the present invention may be scalp . The headband carries a plurality of electrode assem 
provided with various mechanisms for releasing the electri - blies , for example as described above , and distal tip ( s ) of one 
cally conductive fluid or gel from such a sealed dispensing or more tubular members extending from at least some of the 
container . For example , the reservoir may have a dispensing electrode assemblies are engaged against scalp tissue . An 
hole which is configured to define a rupture region on the 30 electrically conductive fluid or gel is then extruded from a 
sealed dispensing container when the sealed dispensing reservoir disposed in at least some of the electrode assem 

blies so that the fluid or gel passes through the tubular container is pressurized by the plunger . In other instances , members to form an electrically conductive path to the however , the sealed dispensing container may comprise any patient ' s scalp tissue . The plurality of electrode assemblies one of a syringe , a manual squeeze tube , a roller squeeze 20 35 are connected to a controller and / or output device configured tube , or the like , which are incorporated into or otherwise to receive low power biological current from the electrode 
combined with the electrode body . assemblies . In the specific aspects of the methods of the 

The electrode assemblies of the present invention will present invention , the distal tips of at least some of the 
typically have an electrically conductive terminal mounted tubular members will be positioned through hair on the 
on the electrode body and configured to allow attachment of 40 patient ' s scalp . At least some of the plurality of electrode 
the electrode assembly to a controller or other instrumenta assemblies may be rotated in order to abrade scalp tissue 
tion for measuring the EEG or other electrical biological adjacent the distal tip ( s ) of said one or more tubular mem 
signals . The electrically conductive terminal will be config - bers in order to lower contact resistance between the elec 
ured to electrical couple to wires or other conventional trode assembly and the scalp tissue . Usually , at least some of 
electrical conductors to provide a connection to the control 45 the tubular members define the skin preparation , e . g . tissue 
system . In the disclosed embodiments , the electrically con - roughening surface , and the electrically conductive fluid or 
ductive terminal will have an interior portion which is gel is extruded from the reservoir through the lumens into 
located in and exposed to the flow path within the electrode the tubular members and out the distal opening ( s ) on the 
body for the electrically conducted fluid or gel . In some distal tips of the tubular member ( s ) onto the scalp tissue . In 
instances , the electrically conductive terminal will be the 50 specific instances , the electrically conductive fluid or gel 
only solid electrically conductive component which is part may be extruded out of or through grooves on the distal tips 
of the electrode assembly . The electrical conduction of the of the tubular members . Such extrusion typically comprises 
biological signal to the electrically conductive terminal may manually applying external pressure to a sealed dispensing 
be provided entirely by the electrically conductive fluid or container which holds the electrically conductive fluid or 
gel after such fluid or gen has been distributed throughout 55 gel , or the sealed dispensing container is incorporated into 
the electrode body . In other instances , however , additional the electrode assembly , typically being disposed in a cham 
electrically conductive components , coatings , wires , or the ber within a electrode body . In specific instances , applying 
like , may be provided within the electrode body of the external pressure to the sealed dispending containers may 
electrode assembly in order to provide or enhance electrical comprise pressing a plunger to engage a rupturable sealed 
conductivity . 60 dispensing container that carries the electrically conductive 

In further aspects of the present invention , an electrode fluid or gel . Alternatively , applying external pressure to the 
carrier system comprises an elongated backing , typically sealed dispensing container may comprise manually squeez 
figured as a headband or headgear for placement upon a ing a tube , manually depressing a syringe plunger , rolling a 
patient ' s head . A plurality of electrode assemblies , as squeezed tube , or the like . In many instances , the electrically 
described above , are mounted on and distributed over a 65 conductive path to the patient ' s scalp tissue is formed solely 
length of the elongated backing , and at least one electrically by the conductive fluid or gel . In other instances , however , 
conductive wire or other conductor is connected to each of the electrically conducted path to the patient ' s scalp may be 



US 9 , 820 , 670 B2 
10 

formed at least party by an electrically conductive structure FIGS . 28A - 28C illustrate yet another alternative configu 
on the tubular member or elsewhere within the electrode ration of a bottom portion of an electrode assembly having 
assembly . a flat surface which is free from tubular members and other 

similar structures . 
BRIEF DESCRIPTION OF THE DRAWINGS 5 FIGS . 29A - 29C illustrate a further exemplary electrode 

assembly constructed in accordance with the principles of 
FIG . 1 illustrates a side view of a patient with an electrode the present invention having one or two grommets for 

carrier system configured as a headband . attachment of the electrode assembly to a headband and 
FIG . 2 illustrates a perspective view of one variation of further having a vertical passage for introducing an electrode 

the electrode carrier system where individual electrodes may 10 gel using an assembly or other delivery device . 
be configured to indicate whether adequate contact is made FIGS . 30A - 30C illustrate yet another exemplary embodi 
with the underlying skin surface . ment of an electrode assembly having a single , cylindrical 

FIG . 3 illustrates a detail cross - sectional side view of tubular member on a bottom surface of a lower portion 
thereof and received within a buckle assembly to allow another variation of the electrode carrier system where each 15 rotation when the buckle is attached to a headband . of the electrodes may be encased or surrounded by a FIGS . 31A and 31B illustrates a still further exemplary pressure release reservoir . embodiment of an electrode assembly constructed in accor FIG . 4 illustrates a detail cross - sectional side view of dance with the principles of the present invention where the another variation where the electrodes may be formed by electrode assembly is configured to axially translate within 

one or more loops of conductive wire or ribbons . 20 a slot of a buckle assembly . 
FIG . 5 illustrates a detail cross - sectional side view of 

another variation where each of the electrodes may be DETAILED DESCRIPTION OF THE 
formed by one or more conductive tubes which define INVENTION 
conduits . 
FIGS . 6A to 6C illustrate cross - sectional side views of yet 25 The electrode carrier system 10 may generally comprise 

another variation where each electrode may include a com - a backing 12 shown in the side view of FIG . 1 which 
pressible reservoir having one or more openings . illustrates the carrier system 10 secured around the head H 

FIGS . 7A and 7B illustrate top and partial cross - sectional of patient P . The backing 12 is shown configured as a 
perspective views of another variation where each electrode headband in this variation although the carrier system 10 
is formed to have one or more conductive tubes in fluid 30 may be incorporated into any number of other platforms or 
communication with a compressible reservoir . positioning mechanisms for maintaining the electrodes 

FIG . 8 illustrates a partial cross - sectional side view of against the patient body . The backing 12 is shown config 
another variation where each electrode is configured into a ured as a headband in this variation and the individual 
helical configuration which may be rotated relative to the electrode assemblies 14 are spaced apart from one another 
supporting platform . 35 so that when the headband is positioned upon the patient ' s 

FIG . 9 illustrates an example of optically tracking the head H , the electrode assemblies 14 are aligned optimally 
movement of a patient in combination with the electrode upon the head H for receiving EEG signals . The electrode 
carrier system . carrier system 10 may have each of the electrodes assem 

FIG . 10 illustrates another example of utilizing one or blies 14 electrically coupled via corresponding conductive 
more accelerometers for detecting the patient ' s movements 40 wires 16 extending from the backing 12 and coupled , e . g . , to 
in combination with the electrode carrier system . a controller and / or output device 18 . Although in other 

FIG . 11 illustrates an electrode carrier system of the variations , the electrodes assemblies 14 may be coupled to 
present invention comprising a headband having a plurality the controller and / or output device 18 wirelessly . 
of electrode assemblies distributed over a length thereof . The controller and / or output device 18 may generally 

FIG . 12 illustrates an exemplary electrode assembly con - 45 comprise any number of devices for receiving the electrical 
structed in accordance with the principles of the present signals such as electrophysiological monitoring devices and 
invention . may also be used in combination with any number of brain 

FIG . 13 illustrates the electrode assembly of FIG . 12 imaging devices , e . g . , fMRI , PET , NIRS , etc . In one par 
shown in an exploded view . ticular variation , the electrode embodiments described 

FIG . 14 illustrates the electrode assembly of FIG . 12 50 herein may be used in combination with devices such as 
shown in a cross - sectional view . those which are configured to receive electrical signals from 

FIG . 15 shows a cross - sectional view of a lower portion the electrodes and process them . 
of the electrode assembly of FIGS . 12 - 14 taken along line The electrodes assemblies 14 , as described herein , may be 
15 - 15 of FIG . 14 . positioned upon the backing 12 to quickly enable conductive 

FIG . 16 is simplified illustration of the electrically con - 55 contact with the underlying skin while allowing for patient 
ducted fluid or gel flow path within the electrode assembly comfort such as when the patient P is reclined , as shown , 
of FIGS . 12 - 15 where the specific components and flow path with the back or side of their head H resting upon a surface 
segments use the numbering employed in FIGS . 12 - 15 . without discomfort from the electrodes 14 . 

FIGS . 17 and 18 are detailed views of a bottom portion of One challenge in ensuring that the individual electrodes 
the electrode assembly of FIGS . 12 - 15 . 60 14 make sufficient contact with the underlying skin is the 
FIGS . 19 and 20 illustrate an alternative bottom portion presence of hair HR on the scalp S of the patient P . Prior to 

which could be substituted for the bottom portion illustrated the present invention , the region where the electrodes assem 
in FIGS . 12 - 15 . blies 14 are placed upon the scalp S were typically shaved 

FIGS . 21 - 27 each illustrate a further alternative configu - to remove excess hair ( if present ) which interferes and 
ration of a bottom portion of an electrode assembly con - 65 inhibits electrical contact between the electrode assemblies 
structed in accordance with the principles of the present 14 and the scalp surface . In contrast , the electrode carrier 
invention . assemblies of the present invention as described herein 
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enable rapid reliable electrical contact on individual elec surface . Some or all of the electrode assemblies 50A , 50B 
trode assemblies through the hair HR and with scalp surface may include a pressure release reservoir ( shown in broken 
without having to remove the hair . lines 53A and 53B ) for containing a conductive fluid or gel 

In one variation of the electrode carrier system 10 , FIG . 52A , 52B , as described above , around each of the wire or 
2 illustrates a perspective view where each of the electrodes 5 ribbon electrodes 51A , 51B so that the conductive fluid or 
14 may be configured to include a visual or haptic indicator gel 52A , 52B may be expelled around and within the one or 
to provide feedback to the user that sufficient electrode more loops to ensure a conductive path between the loops 
connection with the skin surface has been achieved . For and the scalp . Alternatively , rather than using the pressure 
instance , each electrode 14 may incorporate an impedance release reservoir , an amount of conductive fluid or gel may 
sensor and indicator such that when the controller and / or 10 be simply placed upon the electrode assemblies 50A , 50B 
output device 18 detects a relatively low impedance , e . g . , 5 prior to placement against the patient ' s skin surface . Each of 
k2 , in a particular electrode 14 , that electrode may be the wire or ribbon electrodes 51A , 51B may be electrically 
actuated to indicate that sufficient electrical contact between connected via conductive wires 16 , and because the wire or 
the electrode 14 and underlying skin is achieved . ribbon electrodes 51A , 51B will preferably have a thin 

FIG . 2 shows an example where each of the electrodes 14 15 diameter or width , they may easily pass through the patient ' s 
may also incorporate visual indicators such as one or more hair and into contact with the scalp surface even when they 
light emitting diodes ( LEDs ) . When sufficient electrical bend or flex . 
contact is achieved , the LED on a particular electrode 14 FIG . 5 shows a side view of another variation of an 
may emit a light of a first color 20 , e . g . , green , but if an electrode carrier system 56 having a plurality of electrode 
electrode 14 has not achieved sufficient electrical contact , it 20 assemblies 58 and 58B each of which may include one or 
may emit a light of a second color 22 , e . g . , red . Alternatively , more tubular members 60A , 60B which may extend per 
a single color LED may be used where sufficient contact pendicularly or at an angle from an inner surface ( the surface 
may be indicated by steady illumination of the LED and that contacts the patient ' s scalp ) of the backing 12 . The 
insufficient contact may be indicated by a blinking LED . In tubular members 60A , 60B may define a lumen therethrough 
other variations , an electrode may include , e . g . , a piezoelec - 25 with an opening 62A , 62B defined at each distal end . Each 
tric transducer , eccentrically loaded weight coupled to a of the tubular members 60A , 60B may be fabricated from a 
motor , etc . , to provide for a vibration or other haptic conductive metal which may retain its tubular shape when in 
response to indicate whether the electrode 14 has sufficient use or which may be sufficiently thin and flexible to bend or 
electrical contact with the underlying skin . In this manner , yield when placed against the patient ' s skin surface . Alter 
the electrodes 14 may efficiently provide direct indication of 30 natively , the tubular members 60A , 60B may be fabricated 
electrical contact rather than having to review a separate from a flexible material which is coated or layered with a 
controller or indicator . conductive material such that the members retain their 

Turning now to the electrode configurations , FIG . 3 flexibility . In either case , a conductive fluid or gel 64A , 64B 
illustrates a cross - sectional detail side view of one variation may be either contained within the tubular members 60A , 
of an electrode carrier system 35 where the electrodes 32A 35 60B or they may be retained within a pressure release 
and 32B may be enclosed within a reservoir which is reservoir , as described above but not shown in FIG . 5 , 
pre - filled with a conductive gel or fluid . Each electrode 38A , surrounding or in proximity to each electrode . Because the 
38B may be configured into a flattened or atraumatic con - tubular shape of the electrodes , they may readily pass 
figuration which is contained within a respective reservoir through the patient ' s hair , if present , and into contact against 
30A , 30B and each reservoir 30A , 30B may be formed of 40 the skin surface while maintaining electrical contact . The 
any number of flexible materials , e . g . , silicone , polyure - tubular members 60A , 60B may be arranged in tandem 
thane , rubber , etc . , which can readily collapse . The elec - pairs , as shown , or may be arranged in a triangular , rectan 
trodes 38A , 38B may be coupled via conductive wires 16 gular or circular pattern when there are three , four , or more 
passing through a lumen 34 defined through the backing 12 tubular members in a single electrode assembly 58A , 58B . 
separated from the electrodes by a substrate 36 . Each 45 Referring to FIGS . 6A - 6C , a further embodiment of an 
reservoir 30A , 30B may also respectively define one or more electrode carrier system 68 includes a pressure release 
openings 32A , 32B through which the conductive gel or reservoir 70 filled with a conductive fluid or gel 74 . The 
fluid may be expelled . reservoir 70 may be formed of a flexible material , e . g . , 
Once the platform 12 has been situated over the patient ' s silicone , polyurethane , rubber , etc . , and extends from a 

head H , the user may press upon each of the reservoirs 30A , 50 backing 12 to form a curved or arcuate structure with one or 
30B such that the conductive fluid or gel 40A , 40B flows more openings 72 defined over an interior of the reservoir 
through the openings 32A , 32B and onto the skin of the 70 . These openings 72 typically remain in a closed state until 
patient P . The conductive fluid or gel 40A , 40B expelled a force F is applied to the reservoir 70 and / or backing 12 to 
through the openings may maintain fluid communication cause an electrically conductive fluid or gel 74 contained 
between the skin surface and the respective electrodes 38A , 55 within the interior of the reservoir to escape through the 
38B such that the detected electrical signals may be trans - openings 72 , as shown in FIG . 6B , and into contact with an 
mitted from the skin and to the electrodes 38A , 38B . outer surface of the reservoir 70 and form an electrically 
Moreover , because of the flexibility of the reservoirs 30A , conductive path to underlying skin surface . A layer of 
30B , once the conductive fluid or gel 40A , 40B has been conductive material 76 is electrically coupled to conductive 
expelled into contact with the skin surface , the backing 12 60 wire ( s ) 16 and may be formed over a portion or the entire 
may lie flat against the skin surface so that the patient P may outer surface of the reservoir 70 . Electrical contact with the 
comfortably lay their head upon a surface while still main - skin surface may be achieved by applying force F to the 
taining electrical contact with the electrodes 38A , 38B . backing 12 or reservoir 76 , as shown in FIG . 6B , to extrude 

FIG . 4 shows a side view of another electrode carrier or otherwise release the fluid or gel 74 from the interior of 
system 35 where a pair electrode assemblies 50A , 50B may 65 the reservoir 70 and out onto the conductive material 76 and 
include one or more loops of conductive wire or ribbon 51A , skin as shown in FIG . 6C , where the openings 72 return to 
51B which are able to readily bend or flex against a skin their closed state after the force F is removed . 
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Referring to FIGS . 7A - 7B , a still further embodiment of the skin surface by the user to at least partially exfoliate the 
an electrode carrier system 78 includes of an electrode skin surface to facilitate electrical contact . 
assembly 79 having an electrode body 80 which carries one W hen in use , once the backing 12 has been secured to the 
or more tubular members 84 extending from a lower surface patient ' s head , the tubular body 90 may be rotated manually 
thereof . The tubular members 84 project perpendicularly 5 by the user such that the members 92 are advanced into and 
away from a plane of the backing 12 . In some embodiments , through any hair which may be present upon the patient ' s 
the electrode body 80 will be formed at least partially from scalp . Once the openings 94 of the distal tip are positioned 
a conductive material , such as a rigid or flexible metal , in contact with or proximity to the skin surface , one or both 

walls 104A , 104B may be actuated , e . g . , squeezed by the and / or a conductive polymer , such as a conductive silicone . 
In other embodiments , the electrode body 80 will be formed | 10 user , such that the conductive fluid or gel 102 is introduced 

within the interior of the tubular body 90 via the openings at least partly from a non - conductive flexible material , e . g . , 96 . The conductive fluid or gel 102 may flow into the tubular silicone , polyurethane , rubber , etc . , which may be coated or body 90 and within the members 92 and out through the layered with a conductive material such that at least the openings 94 and into contact upon the skin surface . tubular members 84 are electrically conductive while retain - 15 nile retain - 15 As described above , the tubular body 90 and / or members ing their flexibility . Because of the conductivity , the elec 92 may be fabricated from a conductive material which is 
trode body 80 and tubular members 84 may be electrically also flexible , e . g . , conductive silicone , and / or from a flexible 
coupled directly to the conductive wires or ribbons . material , e . g . , silicone , polyurethane , rubber , etc . , which 

In both cases , the electrode body 80 may be secured to the may be coated or layered with a conductive material such 
backing 12 such that the tubular members 84 extend through 20 that the underlying tubular body 90 and / or members 92 
an opening in the backing so that they can contact the retain their flexibility . Because of the conductivity , the 
patient ' s scalp when the backing is placed over the head , e . g . tubular body 90 may be electrically coupled directly to the 
as shown in FIG . 1 . An electrically conductive fluid or gel conductive wires or ribbons . Furthermore , with the tubular 
88 is contained in an interior reservoir 86 of the electrode body 90 and / or members 92 having an optionally flexible 
body 80 and can be delivered through passages in the tubular 25 configuration , the members 92 may collapse upon them 
members by pressing on a flexible top of the electrode body selves while retaining electrical conductivity with the under 
as indicated by the arrow in FIG . 7B . lying skin surface . 

The tubular members 84 may be arranged in a uniform or Turning now to other aspects of the present invention , the 
an arbitrary pattern and are in a generally circular pattern as electrode carrier system may also be utilized for other 
illustrated in FIGS . 7A and 7B . After the backing 12 has 30 applications such as patient motion tracking employing 
been secured to the patient , the reservoir 86 may be pressed either visual motion tracking or accelerometers . 
or urged such that the fluid or gel 88 contained within is In further embodiments , the electrode carrier system may 
expelled through central passages along the lengths of each be configured as a headband , as illustrated in FIG . 9 , and 
of the tubular members 84 and into contact against the fitted upon a patient P . The electrode carrier system is in 
underlying skin surface through corresponding distal open - 35 electrical communication with a controller and / or output 
ings . The members 84 will typically be elongated , e . g . , device 112 via conductive wires 114 . In other variations , the 
having a length in the range from 1 - 2 cm , and may to pass device 112 may be coupled wirelessly as well . The electrode 
readily through the patient ' s hair , if present , and into direct assemblies 14 may incorporate any of the electrode assem 
contact against the skin surface . Moreover , even with the bly variations described herein and in any number of com 
tubular members 84 in a collapsed or deformed configura - 40 binations , if so desired . In the embodiment illustrated in 
tion , e . g . when the patient lays their head down , the tubular FIG . 9 , the headband backing 12 may further incorporate 
members 84 and body 80 may continue to conduct the one or more fiducial markers 110A , 110B which allow for 
electrical signals from the underlying skin surface . the visual tracking of these markers 110A , 110B within the 

Referring now to FIG . 8 , a still further embodiment of an field of view of a camera or other optical imager 116 . The 
electrode carrier system 89 includes a tubular body 90 which 45 markers 110A , 110B may include any variety of visual 
may define one or more openings 96 over its surface . The indicators shown in this variation as high - contrast printed 
tubular body 90 may have one or more tubular members 92 patterns having specified shapes , as shown . In other varia 
which extend in a spiral or helical pattern away from the tions , the fiducial markers 110A , 110B may include lights 
backing 12 . The one or more tubular members 92 may each such as an arrangement of LEDs . 
define a lumen therethrough which extends from a bottom of 50 While two markers are illustrated as an example , addi 
the tubular body 90 and to a distal opening 94 at its tip . The tional markers may be further distributed around the cir 
backing 12 may further define a reservoir 100 which con - cumference of the backing 12 to allow for more precise 
tains a volume of conductive fluid or gel 102 such that the tracking , e . g . , to allow for tracking when the patient ' s head 
body 90 is in fluid communication with the reservoir 100 . H may be turned in a manner which obscures one of the 
Opposed walls 104A , 104B may enclose the reservoir , and 55 markers . As noted , a camera or other optical imager 116 , 
one or both of the walls 104A , 104B may be squeezed or such as a digital camera , may be positioned in proximity to 
otherwise translatably moved toward the tubular body 90 . the patient P during use of the electrode carrier system 10 
Alternatively or additionally , the body 90 may be rotatably such that the electrode carrier system 10 and markers 110A , 
secured to the backing 12 such that the body 90 and 110B remain in the field of view 118 of the imager 116 . 
members 92 may be rotated about its longitudinal axis as 60 While a single imager 116 is shown in this example , 
indicated by 98 to distribute the conductive fluid or gel 102 additional imagers positioned at different locations may also 
and exfoliate the skin to promote electrical contact between be used in combination to help ensure that the electrode 
the electrically conductive tubular members 92 and the carrier system 10 and markers 110A , 110B remain in the 
scalp . field of view 118 at all times . Additionally , the imager 116 

Additionally and / or alternatively , the distal tips 94 of the 65 may be optionally motorized with pan and tilt capabilities to 
members 92 may present a roughened surface for contacting ensure that the patient P remains in the field of view 118 of 
the skin . The optionally roughened tips may be rotated upon the imager 116 . 
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With the electrode carrier system 10 electrically coupled constrained within the chamber 224 while the plunger 216 

to the controller and / or output device 112 , the imager 116 extends readily outwardly from the upper body portion 212 , 
may also be connected to the controller and / or output device i . e . is in its non - depressed configuration . 
112 by wires or another communications link 120 or to a Once the sealed dispensing container 220 is placed in the 
second controller and / or output device through wired or 5 chamber 224 , the plunger 216 can be positioned so that a 
wireless communication . In this manner , the controller 120 leading edge 228 is adjacent one side of the sealed dispens 
may be further programmed with a computer vision algo - ing container . By pressing the plunger 216 in the direction 
rithm to identify a position and orientation of the patient ' s of arrow 217 , the electrically conductive fluid or gel within 
head H so that the controller may receive the marker the sealed dispensing container 220 will be pressurized 
information from imager 116 to determine patient movement 10 causing a portion of the container to pass through the 
in real time . This information can then be used for artifact dispensing hole 226 . As additional pressure is applied with 
rejection and diagnostic purposes . For instance , visual track the plunger 216 the portion of the chamber within the 
ing of the markers 110A , 110B may be used to determine or dispensing hole 226 will rupture and cause the electrically 
confirm whether the patient P is experiencing a convulsive conductive fluid or gel to flow into a vertical passage 232 
seizure particularly if the patient ' s detected brain signals are 15 within the upper body portion 212 , as in FIGS . 14 and 16 . 
sonified . The electrically conductive fluid or gel will then come in 

In yet another variation , instead of visual markers , the contact with the electrically conductive terminal 218 , and 
electrode carrier system 10 may incorporate one or more the electrically conductive fluid or gel will continue to flow 
accelerometers 130 attached within or along the backing 12 , through a horizontal passage 234 and on to vertical lumens 
as shown in FIG . 10 . The one or more accelerometers 130 20 238 within the prongs 214 , as seen in FIGS . 15 and 16 . 
may comprise three - axis accelerometer devices which are After flowing through the vertical lumen 238 , the liquid or 
sensitive enough to detect the movement of the patient ' s gel will flow outwardly through channel 240 formed in the 
head . This data can be transmitted to the controller and / or bottom of the prong 214 so that it may flow on to patient 
output device 132 via conductive wires 134 for processing tissue in contact with the lower surface 240 of the prong . For 
to determine the patient ' s movements as well as motion 25 completeness , it is noted that the lower body portion or base 
artifact rejection . If the detected acceleration exceeds a 210 has a hollow interior 242 which is an artifact of 
predetermined threshold , this may be an indicator to the manufacturing and which does not play a direct role in fluid 
controller that these motion artifacts may be excluded from flow within the device . 
consideration to prevent the inclusion of artifact noise from Once the entire flow path from the vertical passage 232 
other detected data . 30 through the channel 238 in the lower surface of the prong 

The electrode carrier system 10 may be utilized with any 214 is filled with electrically conductive fluid or gel , it will 
combination of electrodes described herein and may also be be appreciated that biological electrical current present in 
used in any combination with either the optical motion the region of the liqud or gel will be conducted to the 
detection or accelerometer monitoring . In other variations , electrically conductive terminal 218 which in turn is con 
both the optical motion detection and accelerometer moni - 35 nected to a wire or other conductor 230 present in the 
toring may be utilized in combination together , if so desired . backing 204 of the electrical carrier system 200 . For com 

Referring now to FIG . 11 , an electrode carrier system 200 pleteness , it is noted that the attachment of the wire 230 or 
constructed in accordance with the principles of the present other conductor to the electrically conductive terminal 218 
invention includes an elongated backing 204 , typically in the will be made in such a fashion that it can accommodate 
form of a headband or other headgear , having a plurality of 40 rotation of the electrode assembly relative to the elongated 
electrode assemblies 202 distributed along a length thereof . backing 204 , as shown by arrow 208 and FIG . 11 . 
The elongated backing 204 will typically have overlapping Referring now to FIGS . 17 - 27 , a variety of different 
ends 206 which may be adjustably attached when the configurations for the lower body portions of the electrode 
elongated backing is placed over a patient ' s head , generally assemblies of the present invention will be described . FIGS . 
as shown in FIG . 1 above . The overlapping ends may be 45 17 and 18 illustrate the lower body portion 210 which has 
attached using any conventional method , such as with Vel - been shown in connection with FIGS . 12 - 16 above . The 
cro® hook and loop fasteners . detailed views of FIGS . 17 and 18 show that a pair of prongs 

The electrode assemblies 202 are preferably rotatably 214 are formed on the lower surface 244 of the lower body 
mounted so that a user can manually rotate them back and portion 210 . As best seen in FIG . 18 , the prongs 214 have 
forth as shown by arrows 208 so that the patient ' s skin can 50 generally crescent or arcuate shapes with curved channels 
be gently abraded after the elongated backing has been formed on their lower surfaces 240 . The curves or arcs of the 
placed over the scalp . In particular , it will be desirable to prongs 214 are not , however , concentric with the circular 
perform such manual abrasions immediately prior to dis - periphery of the lower body portion 210 . Instead , the arcs of 
pensing the electrically conductive fluid or gel as will be the prongs 214 are non - concentrically positioned on the 
described in more detail here and below . In other instances , 55 bottom 244 of the lower body portion 210 . In this way , gel 
the abrasion can be performed while dispensing the electri which enters from the vertical lumens 236 of the prongs will 
cally conductive fluid or gel and / or after dispensing the be dispensed from the tissue so that it will be distributed by 
electrically conductive fluid or gel . the lower surfaces 240 of the prongs as the electrode 

Referring now to FIGS . 12 - 16 , the electrode assemblies assembly 202 is rotated back and forth as discussed previ 
202 will typically include a lower body portion or base 210 , 60 ously . Thus , this asymmetry of the prongs will help promote 
an upper body portion or cap 212 , and one or more tubular distribution of the electrically conductive fluid or gel as it is 
members 214 depending downwardly from a bottom surface dispensed through the vertical lumens 236 and arcuate 
244 of the lower body portion . A plunger 216 is configured channels 238 . 
to enter a chamber 224 within the upper body portion 212 In an alternative embodiment , a lower body portion or 
through an opening 222 . A sealed dispensing container , such 65 base 260 , as illustrated in FIGS . 19 and 20 , has three prongs 
as a cartridge or sealed dispensing container 220 holds the 262 which are concentrically and evenly distributed about 
electrically conductive fluid or gel and is configured to be the bottom 268 . Thus , electrically conductive fluid gel which 
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is delivered through vertical lumens 264 and distributed container holding the electrically conductive gel or other 
through channels 266 formed in the lower surfaces 270 of fluid therein . Alternatively , the gel may be unconstrained 
each prong will not be further distributed by passage of the within the reservoir 412 , e . g . being introduced into the 
lower surfaces over the gels . The presence of three prongs , reservoir by injection through a passage 422 having a port 
however , will further promote reliable electrical connection . 5 424 in the plunger 406 . As the plunger 406 is depressed , 

Referring now to FIG . 21 , an additional embodiment of a pressure on the gel within reservoir 412 ( either encapsulated 
lower body portion 280 includes two symmetric prongs 286 or unconstrained ) will cause the gel to flow downwardly 
having single flush ports 282 in the lower surfaces 284 through vertical passage 414 and out through a bottom port 
thereof . However a similar lower body portion 290 having 416 into a slot 410 formed in the bottom surface 408 . The gel 
three prongs 296 come each with a lower surface 294 having 10 or other electrically conductive fluid will be able to distrib 
a flush port 98 therein further includes the plurality of ute within the slot and form an electrically conductive path 
surface features 292 , typically in the form of small bumps , with an electrically conductive terminal 420 which passes 
which help distribute the electrically conductive fluid or gel through a hole 418 in a wall of the lower portion or base 404 . 
which is being distributed through the ports 298 . Thus , biological electrical signals may be coupled through 

A further embodiment of a lower body portion or base 300 15 the patient ' s skin into the electrically conductive gel in the 
having three symmetric prongs 306 is illustrated . Each slot 410 so that current may pass to the electrically conduc 
prong 306 has a lower surface 304 with a plurality of surface tive terminal 420 . Optionally , the bottom surface 408 may be 
features 302 formed thereon . The prongs , as with prior modified to enhance electrical conductivity in any of the 
embodiments , each have vertical lumens 308 opening to ways described elsewhere herein in connection with other 
channels 310 formed in the lower surfaces for delivering and 20 embodiments of the electrode assemblies . 
distributing electrically conductive fluids or gels . Referring now to FIGS . 29A - 29C , an electrode assembly 

Still further alternative embodiments of bottom portions 430 constructed in accordance with principles of the present 
of the electrode assemblies of the present invention are invention comprises an upper portion or a cap 432 and a 
shown in FIGS . 24 through 27 . Instead of having a single lower portion or base 434 . Tubular members or probes 436 
lower surface on each prong with a channel of port form 25 project downwardly from a bottom surface of the lower 
therein , these lower body portions have lower surfaces with portion or base 434 , and a chamber 440 is formed in the 
a recess for delivering the electrically conductive fluid or lower portion or base to receive an electrically conductive 
gel . As shown in FIG . 24 , a bottom portion 320 includes gel or other fluid through a vertical passage 438 in the upper 
three symmetrically placed prongs 322 extending from the portion or cap 432 . It will be appreciated that the electrode 
bottom thereof . Prongs each have lower surfaces 224 , but 30 assembly 430 does not include a plunger for delivering the 
the fluid or gel delivery ports 328 are formed in recessed electrically conductive gel as with other embodiments 
surfaces of the prongs . described herein . 

FIG . 25 shows a similar bottom portion 340 having three The electrically conductive gel or other fluid may be 
asymmetric prongs 342 where the lower surfaces 344 of injected through the vertical passage 438 , so that the gel 
each prong comprise a plurality of surface features 342 . 35 flows first into chamber 44 and then through a vertical 

An alternative lower body portion 360 , as illustrated in delivery passage 442 formed through the tubular member or 
FIG . 26 , comprises prongs 362 having adjacent gel or fluid probe 436 . The electrically conductive gel or other fluid will 
delivery tubes 364 with ports 366 therein . The prongs 362 thus be able to flow onto the patient ' s skin so that it can form 
have generally flat lower surfaces free from surface features . an electrically path from the skin to an electrically conduc 

In FIG . 27 , a lower body portion 380 , similar to lower 40 tive terminal or pin 452 which passes through the wall of the 
body portion 360 , includes three prongs 386 having adjacent lower portion or base 434 into the chamber 440 . 
fluid delivery tubes . The lower surfaces 384 of each prong The electrode assembly 430 is mounted in a lower grom 
386 include surface features 382 . met 444 and optionally in an upper grommet 446 . A single 

Referring now to FIGS . 28A - 28C , an electrode assembly grommet 444 can be connected to a headband 445 using 
400 comprises an upper portion or cap 402 and a lower 45 adhesives , staples , pins , or the like as shown in FIG . 29B . 
portion or base 404 . A plunger 406 is reciprocatably received Alternatively , the headband 445 may be sandwiched 
through a wall of the cap 402 and extends into a reservoir between the upper and lower grommets 444 and 446 , as 
412 , generally as described for previous embodiments . In shown in FIG . 29C . In such instances , at least one of the 
contrast to previous embodiments , however , the lower por - grommets will include a slot 448 to receive the electrically 
tion or base 404 of the electrode assembly 400 has a flat 50 conductive terminal 452 and allow the electrode assembly to 
bottom surface 408 , as best seen in FIGS . 28B and 28C . The b e rotated within the grommets 444 and 446 . The slot allows 
electrode assembly 400 , which is free from tubular and other the electrically conductive terminal 452 to move while the 
protruding elements on the bottom surface of its lower electrode assembly is being rotated to enhance electrical 
portion , is particularly useful for engagement against tissue contact to the skin , as described elsewhere herein . 
surfaces which are free from hair , such as a patient ' s 55 In yet another embodiment , an electrode assembly 460 
forehead . It will be appreciated , as described above , that the constructed in accordance with the principles of the present 
tubular members of the present invention are particularly invention comprises an upper portion or cap 462 secured to 
intended to allow electrical contact to be made through a a lower portion or base 464 , as illustrated in FIGS . 30A - 30C . 
patient ' s hair present on a scalp . As a headband , for example A single tubular member 466 projects downwardly from a 
headband 206 in FIG . 11 , circumscribes the patient ' s skull , 60 bottom surface 465 of the lower portion or base 464 . A 
at least some of the electrode assemblies 202 will be vertical passage or port 468 extends from an upper or 
engaged against the patient ' s forehead where there is little or introductory port 470 through the upper and lower portions 
no hair . In such instances , those electrode assemblies which in order to allow introduction of an electrically conductive 
engage the forehead can be made without tubular members gel or other fluid . A lower surface of the single tubular 
as illustrated in FIGS . 28A - 28C . 65 member 466 comprises a number of surface features 472 , 
As with previous embodiments , the reservoir 412 of the generally as described elsewhere herein , in order to allow 

electrode assembly 400 may have a capsule or other sealed surface treatment or abrasion of the tissue before , during , or 
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after introduction of the electrically conductive gel or other 2 . The assembly of claim 1 comprising at least two tubular 
fluid through the vertical passage 468 . members . 

The electrode assembly 460 can be placed in a plate or 3 . The assembly of claim 2 wherein the at least two 
buckle 474 , typically through an opening , so that a channel tubular members are straight . 
467 formed between the lower surface of the upper portion 5 4 . The assembly of claim 3 wherein the at least two 
or cap 462 and a flange 469 on the lower portion or base 464 tubular members are configured to extend from a bottom of 
receives the wall of the plate 474 to allow rotation of the the electrode body . 
electrode assembly relative to the plate . An electrically 5 . The assembly of claim 4 wherein the at least two 
conductive terminal 476 passes through a wall of the lower tubular members are configured to extend from the generally 
portion or base 464 so that it is in electrical contact with the 10 planar bottom of the electrode body at a generally perpen 
electrically conductive gel or other fluid which passes dicular angle in the range relative to the plane . 
through the vertical passage 468 in order to form an elec 6 . The assembly of claim 1 wherein the distal tip of at 
trically conductive path with the tissue contacted by the least some of the tubular members define a skin preparation 
lower surface of the single tubular member 466 . The elec - surface . 
trically conductive terminal 476 is free to move within a cut 15 7 . The assembly of claim 6 wherein the skin preparation 
out region 478 on the lower surface of the buckle or plate surface comprises at least one of ( a ) an abrasive and ( b ) 
474 as indicated by the arrows on either side of the terminal . surface features on the distal tip . 
The buckle 474 includes side loops or cut outs 480 which 8 . The assembly of claim 1 wherein the tubular members 
permit the buckle to be attached to a strap in order to form are formed entirely from an electrically conductive material . 
a headband by joining the buckle to other similar structures . 20 9 . The assembly of claim 1 wherein the tubular members 

Referring now to FIGS . 31A and 31B , a still further are formed at least partly from an electrically non - conduc 
electrode assembly 482 constructed in accordance with the tive material . 
principles of the present invention comprises an upper 10 . The assembly of claim 1 wherein the tubular 
portion 484 and a lower portion 486 . The electrode assembly member ( s ) comprise rigid prong ( s ) formed on a lower base 
482 is received within a buckle or plate structure 492 so that 25 of the electrode body . 
it is free to slide within a slot 494 in the direction of the 11 . The assembly of claim 10 wherein the the one or more 
arrow shown in FIG . 31A . The electrode assembly 482 has tubular members each have a single distribution channel . 
a port 498 for receiving an electrically conductive gel or 12 . The assembly of claim 11 wherein the lower surface 
other fluid and distributing that fluid through a lower port of the prong has at least one skin preparation surface region 
488 which is located in an array of surface features 490 on 30 adjacent to the distal opening . 
a lower surface of the lower portion 486 . In this way , after 13 . The assembly of claim 11 wherein the lower surface 
the electrode assembly 482 is engaged against a patient ' s of the prong has a crescent shape and the distribution 
skin , typically as part of the headband , the electrode can be channel has an arcuate shape . 
translated back and forth relative to the buckle 492 and 14 . The assembly of claim 13 wherein the crescent - shaped 
headband in order to treat the skin surface and enhance 35 lower surface of the prong has at least one skin preparation 
electrical conductivity , as described in greater detail else - surface region adjacent to the arcuate distribution channel . 
where herein . The buckle or plate 492 includes slots 496 on 15 . The assembly of claim 11 wherein the lower surface 
either side in order to facilitate attachment to the headband of the prong has a raised portion and a recessed portion , 
assembly . wherein the distal opening is in the recessed portion . 

The applications of the devices and methods discussed 40 16 . The assembly of claim 1 wherein the reservoir is 
above are not limited to electrical sensing upon the patient ' s disposed in the electrode body , said reservoir containing a 
head but may include any number of further treatment conductive fluid or gel . 
applications . Moreover , such devices and methods may be 17 . The assembly of claim 16 wherein the reservoir 
applied to other treatment sites upon the body . Modification comprises a sealed dispensing container which is con 
of the above - described assemblies and methods for carrying 45 strained within a chamber in the electrode body . 
out the invention , combinations between different variations 18 . The assembly of claim 17 wherein the means on the 
as practicable , and variations of aspects of the invention that electrode body for dispensing the conductive fluid or gel 
are obvious to those of skill in the art are intended to be from the reservoir comprises a plunger and the sealed 
within the scope of the claims . dispensing container and the plunger are in an upper portion 
What is claimed is : 50 of the electrode body and the tubular member ( s ) extend from 
1 . An electrode assembly , comprising : a lower surface of the electrode body , wherein the electrode 
an electrode body ; body defines a flow path to deliver the conductive fluid or 
one or more tubular members extending from the elec - gel from the sealed dispensing container through the 

trode body and having a distal tip , at least some of the lumen ( s ) and out of the distal opening ( s ) of the tubular 
one or more tubular members having a lumen with a 55 member ( s ) . 
distal opening in the distal tip ; and 19 . The assembly of claim 18 wherein the flow path has 

means on the electrode body for dispensing a conductive a dispensing hole in the upper portion of the electrode body , 
fluid or gel from a reservoir through the lumen ( s ) and wherein the dispensing hole is configured to define a rupture 
out of the distal opening ( s ) of the tubular member ( s ) , region on the sealed dispensing container when the sealed 
wherein the one or more tubular members each have a 60 dispensing container is pressurized by the plunger . 
distribution channel extending across a tissue - contact 20 . The assembly of claim 16 wherein the means on the 
ing surface thereof for receiving the conductive fluid or electrode body for dispensing the conductive fluid or gel 
gel from the lumen so that the conductive fluid or gel from the reservoir comprises a plunger configured to be 
may flow through the channel over the patient tissue to manually pressed against the conductive fluid or gel to 
form an electrically conductive path , wherein the fluid 65 deliver the conductive fluid or gel from the reservoir through 
or gel enters each distribution channel directly from the the lumen ( s ) and out of the distal opening ( s ) of the tubular 
lumen . member ( s ) . 
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21 . The assembly of claim 16 wherein the sealed dispens 25 . An electrode carrier system comprising : 
ing container comprises any one of syringe , a manual an elongated backing configured as a headband for place 
squeeze tube , and a roller squeeze tube . ment upon a patient ' s head ; 

a plurality of electrode assemblies as in claim 1 distrib 22 . The assembly of claim 1 wherein the electrode body uted over a length of the elongated backing ; and 
defines a flow path for the conductive fluid or gel from the at least one electrically conductive wire connected to each 
reservoir through the lumen ( s ) and out of the distal electrode assembly to deliver low current biological 
opening ( s ) of the tubular member ( s ) . signal from the electrode assemblies to a controller 

23 . The assembly of claim 22 further comprising an and / or output device . 
26 . The system of claim 25 further comprising the con electrically conductive terminal mounted on the electrode 10 troller and / or output device configured to receive the low body and exposed to the flow path to create a conductive current biological signals from the electrode assemblies . path with the conductive fluid or gel , wherein the electrically 27 . The assembly of claim 26 wherein the controller is 

conductive terminal is configured to be attached to external further configured to record the electrical signals from the 
wiring . electrode assemblies . 

24 . The assembly of claim claim 23 wherein the electrically 15 23 wherein the electrically 28 . The system of claim 25 wherein the distal tips of at 
conductive terminal is located remotely from the distal least some of the tubular members define a skin preparation 

surface and at least some of the electrode assemblies are opening ( s ) in the distal tip ( s ) of the tubular member ( s ) so movable relative to the elongated backing to allow a user to that the conductive fluid or gel will provide the sole elec move the assemblies treat the tissue surface and enhance 
trically conductive path between the electrically conductive 20 electrical contact . 
terminal and the distal tip ( s ) of the tubular member ( s ) . * * * * * 


